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SUMMARY

A set of graphs and tables 1is presented which permits the rapid
determination of the elastic state of stress at any point in a thin,
flat rectangular plate of uniform thickness loaded by both spanwise and
chordwise thermal gradients. In addition, all relations from which the
graphs and tables were developed and the derivation of those expressions
are given. Examples illustrating the method of using the graphs and
tgbles and demonstrating the accuracy of the results obtained therefrom
are presented.

INTRODUCTION

Restrictions on the weight and size of many modern structures make
necessary a very accurate estimate of the state of stress in a given
application to take full advantage of the load-carrying capacity of
available materials. It is frequently impossible to produce exact solu-
tions for a specific geometry, and common practice 1s to approximate the
exact configuration by one or a series of simple geometric shapes such
as plates, cylinders, disks, and spheres. Even that simplification very
often leaves a problem whose solution is of considerable difficulty.

The problem of determining the state of stress in a rectangular
plate of uniform thickness subjected to a thermal gradient has been
treated extensively in reference 1. However, that treatment is for
chordwise temperature variations only, and completely neglects end ef-
fects. Other authors (refs. 2 to 6) have treated the problem in detall,
taking into consideration end effects and two-dimensional temperature
distributions. They make use of methods of various degrees of approxi-
mation, some of which are quite difficult to use.

The collocation procedure developed in reference 2 was shown to
give accurate solutions to this problem. Its disadvantage is that it
requires operating on a system of linear, ordinary differential equations



whose solutions involve complex coefficients and exponents. If, however, -
the variables of the problem are properly dimensionalized, the system

need be solved only once for all problems. Further, the availability of
high-speed computing equipment simplifies the evaluation of the solution

for a variety of conditions.

It is the purpose of this paper to present the solution to the
problem of determining the elastic state of stress in a rectangular
plate of uniform thickness subjected to a thermal gradient in two di-
rections. The solution, which was developed by the collocation method,
is in the form of tabulated functions that may be easily combined lin-~
early to produce very accurately the elastic stress distribution for s
large class of problems and for span-to-chord ratios varying between
0.1 and 3.0. The major restrictions are that the temperature distri-
bution does not change rapidly between the stations at which the solu-
tion is developed and that the function representing the temperature
distribution must be separable into the sum of a function in x only
and a function in y only. Only solutions for the longitudinal and
lateral stresses are presented. The analysis of reference 2 showed that
the shearing stresses developed are extremely small.

RECT-H

The remainder of the main body of the report is devoted to an ex-
planation and examples of the use of the solutionms. Appendix A briefly
outlines the general method of obtaining the solutions and presents
literal expressions for them. A detailed derivation of the method of
solution is given in reference 2.

METHOD OF USING TABLES AND CHARTS

To solve a specific problem, either tables I to XXVI or figures 1
to 26 may be used; the same information is presented in both. The in-
formation in the tables is more directly accessible, but the figures
permit more rapid interpolation when such becomes necessary. The fig-
ures also quickly make apparent the location of the maximum stresses.
Comparison of tebles I and II with figures 1 and 2 will disclose the
nature of the information presented therein.

It will be cbserved that the two tables and the two figures contain
values of two sets of stress parameters, ® and @, as a function of a

pair of rectangular coordinates, x and y. These stress parameters are
so defined that the stresses at each point may be determined from them
as follows:

UX = EOG‘OTO(GJ_@]. + G2®2 + G3@3) -~
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and

oy = EgagTo(G19) + G2 + C3®:)

where the Gy depend on the temperature distribution for a given prob-

lem. (All symbols are defined in appendix B.) Furthermore, this in-
formation corresponds to a specific value of the span-to-chord ratio B,
namely, P = O.1l. Examination of the remaining tables and figures re-
veals that there are two tables and two figures for each of thirteen
values of P ranging from B = 0.1 to 3.0. Finally, it will be noticed
that table I is labeled for "even temperature distributions™ and table
TT for "odd temperature distributions.™ Similarly, figure 1 is for even,
and figure 2 for odd, temperature distributions. All the tables and
figures are divided in this manner.

The remainder of this section is devoted to an explanation of the
use of the information in the tables. The same instructions apply un-
conditionally to the use of the figures.

In order to make use of the information tabulated therein, there
must be available a function relating the product of Young!s Modulus,
coefficient of linear thermal expansion, and temperature (EaT) with the
coordinates of the plate (fig. 27). This may be either a literal ex-
pression or a numerical array. Once this function has been obtained,
and the overall dlmensions of the plate established, two separate pro-
cedures must be followed to yleld the stresses at a given point within
the plate. The first is labeled Preparatory Procedure, and the second
is called Specific Calculations. They are outlined step by step in the
ensuing discussion, and examples are shown in the following section.

Preparatory Procedure:

(1) Orient the plate with respect to a set of Cartesian coordi-
nates so that the origin is at the center of the plate and there is a
temperature variation in the vertical direction. For temperature vari-
ations in both directions the problem must be divided into two parts,
with the plate rotated 90° for the second part and the entire procedure,
steps 2 to 14, repeated.

(2) The maximum ordinate is arbitrarily defined as the semichord,
and the maximum ebscissa as the semispan. Divide all coordinates by the
semichord dimension. The maximum ordinate is now unity. The meximum
abscissa is defined to be .

(3) Express the EaT function in terms of the x-y coordinates
developed in step 2.



(4) Find the Iaplacian of the EuT function. This laplacian will
be called the L function. In those cases for which there is available
a literal expression for EaT,

2
L = V(EaT) = gx—z (EaT) + %32,_5 (ET)

In those cases for which EaT has been expressed as a numerical array,
a finite difference approximation must be used. The following five-
point central-difference formula is widely used:

) L 1

+ (BP) 441, 541 - 4(EO“T)ij]

where H is the distance between adjacent points. It will be observed
that the preceding expression is valid only for points not on the bound-
ariesjy but the subsequent steps will show that I 1is not needed on the
boundaries. More accurate approximations are readily availasble from the
literature and in some cases may be desirable. Finally, it may be found
that performing the operation in step 8 before this step produces num-
bers that are easier to use in performing numerical calculations.

(5) Separate the L function into the sum of two functions, L(x)
and L{y). An L(x) will exist only if there is a temperature variation
in both directions. BSuch a circumstance 1s handled by the procedure
cutlined in step 1. Therefore, only the L(y) produced by this step 1s
used in subsequent steps.

In general, performing such a separation is a difficult task. How-
ever, in practice the problem is considerably simplified. The most ob-
vious method is to approximate the function as a polynomial or a Fourier
series, taking care not to consider terms containing products of x and
y. In the case for which L 1is an array, such a procedure is necessary.

(6) Separate L(y) into the sum of two functions: an even function
Levens and an odd function Iingg. The following steps, 7 to 12, must be

repeated for each, I

even and  Lggg-

No complicated analytical method need be applied at this point be-

cause the value of the function 1s required at only three points. The
simplest method is the following:

Leven(yk) ='% [L(yk) + L(’yk)]

Loga (vk) % [L(Yk) - L(-yk)]

BEET-H
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(7) Evaluate DLgyen 2t ¥V = 1/6, y = 3/6, and y = 5/8.

(8) Divide the three values found in step 7 by the product of the
reference data, EguoTlo. The three numbers produczed are G7, Gp, and
Gz, corresponding to y = 1/6, 3/6, and 5/6, respectively.

(9) Choose the table corresponding to the value of B produced in
step 2. Use the even or odd teble, depending on whether Legyen OT
Logg Wwas used to produce the Gi in step 8.

Specific Calculations:

(10) Choose a value of x and a value of y at which the stresses
are desired.

(11) Read ©; and ©¢; from the table for that value of x and V.

3 2

(12) Calculate © = 3 G;8; and ® = 37 Gy%;.
i=1 i=1

(13) Sum the ©'s and ©'s found for Lgyep

value of the coordinates. Care must be exercised to attach the proper

sign to L and Lggg for quadrants other than the first.

and Lodd at each

even

(14) The stresses at each point for the component of thermal grad-
ient being calculated for this orientation of the plate are products of
the summed stress parameters at that point and the value of Eja Ty &t
the reference point: 0y = Egaglo® and Oy = EqoaTo®e

(15) For the case in which there is temperature variation in both
directions, another set of stresses must be added to the set found in
step 14. Extreme care must be exercised at this point to insure that
the stresses summed all correspond tc the same point in the plate and
that the proper stresses are summed. The definition of lateral and
longitudinal stresses changes when the plate is rotated. The tables
and graphs are given in terms of x/B ranging from O to 1 rather than
in terms of x ranging between O and p. This is a considerable aid
in keeping track of corresponding points in the two separate calcula-
tions that must be performed for the temperature variations in each
direction.

EXAMPLES

As a first example, consider the stress distribution in an in-
finitely long, flat strip of uniform thickness Eroduced by a parabolic-
chordwise thermal gradient defined by T/TO = y° - 1/3, E and a ©being



constant. The method of reference 1 produces the following stresses at

a distance far from the free end: -
(o}
X 1 2
8 = -z -
Bal, 3 7
g
d=—2 -0
EaT,
=
1
Using eguations (A18) and (A19) gives e
9,
@

Gy (ys) = V(T(yy)/T,) = v2(y2 - %.) _ 2

3

o(x,y) = z; 204 (x,y)
3

o(x,y) = 3, 2¢;(x,v)
i=1

With the assumption that the solutlon gilven at x =0 for B =3
approximates the solution for the semi-infinite plate, table XXV was
used for the values of ©; and 01; @(0,0), for example, 1s given as

®(0,0) = 2(0.1217 + 0.0414 + 0.0044) = 0.335

Table XXXIIT and figure 28 compare the stresses calculated by the two
methods. Tt 1s to be noted that the maximum difference in © 1s quite
small - an amount not discernible on the graph.

As a second example, consider a plate having a span-to-chord ratio
of 2 and subjected to a thermal gradient defined by

L. sin(5x) + cos(y)
o

G. = vz(_T_) = -25 sin(5x) - cos(y)

The problem will be divided into two parts, and the results from each

summed. First, consider the variestion in the x direction; B has been

defined as the ratio of span to chord for chordwise temperature varia-

tions. 8o, for this case, the plate must be so oriented that the short- .
est dimension lies parallel to the x axis, and B = 0.5, -
Gy = -25 sin(5y;). Sin(y) is an odd function; therefore, table X is used

for the values of ©; and &;. The values of Gy are Gy = -18.50,

Go = -14.96, and Gz = 21.37. For the thermal gradient in the y



E-1558

direction, the plate is rotated 90°. Now, B = 2.0, Gj = -cos(yy), and,

cos(y) being an even function, table XXI is used for the values of ©j
and ®i. The G; are Gy = -0.9861, Gg = -0.8773, and Gz = -0.6724.
Figures 29 and 30 show the results of the calculations along the x
and y axes.

As a final example, consider a plate having a span-to-chord ratio
of 3 and the following temperature distribution:

TT‘ _ 1.014 - 0.08940 y + 0.001074 (1 - y)°

ol
This problem is also considered in reference 6, using the mathods of
references 3 and 4. Figures 31 and 32 compare the results obtained by
using those methods with the results of this report. Figure 33 compares
with the results of this report the solution far from the end of an
infinitely long strip, which closely approximates the solution for large
values of f.

DISCUSSTION

The examples of the preceding section demonstrate the accuracy of
the collocation method for thermal stresses in flat plates. Where the
stresses can be found by the exact method descrited in reference 1,
there is virtually no difference between the exact solution and the
approximate solution presented in this report. Figures 28 and 3% show
no discernible difference for the parabolic and the ninth-degree tem-
perature distributions. Table XXXTIIT shows the solution to more signif-
icant digits than can be plotted on a graph the size of the pages in
this report, and indicates a very small maximum difference for the para-
bolic distribution.

Figures 31 and 32 compare certain results of the collocation method
with the results of the energy method of Heldenfels and Roberts (ref. 3)
and the method of self-equilibrating polynomials of Horvay (ref. 4).
There is quite close agreement in the dimensionless longitudinal stresses
® among the three methods. In fact, there is no discernible difference
between the collocation method and the method of self-equilibrating
polynomials. The latter two methods also show close agreement in the
lateral stresses.

Figure 32 indicates much poorer agreement between the maximum
chordwise stress calculated by the method of reference 3 and the other
two methods. However, it should be noted that in magnitude this dif-
ference is no larger than the greatest difference for the spanwise
stress.



The results plotted in figures 31 and 32 are the result of calcu-
lations based on equations (A20) of appendix A, Extreme caution must
be exercised in interpolating between the values plotted in the figures.
For this example, it was found necessary to cross-plot the proper fig-
ures and use a quadratic interpolation formula because the curves are
varying quite rapidly at y = 0.9. Results obtained from attempts to
interpolate by eye directly from the graphs were very poor, and linear
interpolation after cross-plotting gave only fair answers. The quad-
ratic interpolation gave much more satisfactory answers.

The large number of calculations necessary for the production of
the graphs and tables for thils paper makes essential g rigorous checking
procedure for any confidence to be placed in the results. In addition
to using normal checking procedures, the entire problem was solved a
second time using finite difference methods. The solution produced was
the algebraic sum of the @; and the algebraic sum of the ®; at each
peint. Excellent correlation was obtained between the two methods,
giving confidence not only in the correctness of the calculations but
also in the accuracy of the method.

It should be noted that the equations soclved for this report, equa-
tion (A4) with boundary conditions (A5) and (A8), describe other phys-
ical situations than that treated here. Therefore, the charts and
tables presented can be used for any problem that is defined by equa-
tions (A4) to (48). For example, the familar problem of determining
the deflections in a rectangular plate rigidly clamped along all four
edges 1s in this category. The equation to be solved is

VA (x,y) = -]l5 a (x¥) (1)

where W 1is the deflection, @ the load, and D the flexural rigidity,
defined by

_ B’
°s 12(1 - v2) (2)

where h 1s the thickness, and E and v are Young's modulus and
Poisson's ratio, respectively. The maximum moments are given by

2 2 2 2
1 O°W ,  O°W M - .p|O°H , v o°H (3)

My = -D|= <= ) SAL AV A
X 82 2 © Vo2 Y 3y2 | BE oxZ

and the stresses at the outer fibers are

i (4)

“x =2 y T2

RCCT A
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Tt must be borne in mind that the tables here are in terms of dimension-
less quantities obtained by dividing the equations through by the right-
hand side. 8o, for the preceding problem, the tables can be considered
as giving the following quantities:

Q/

2
of_ WD <1>=_12_

0 = — 22
dy? 4 B

g

(5)

[#]

2 WD
q

o/

x©

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, October 16, 1961
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APPENDIX A

ANALYSIS

The problem of defining the elastic stress distribution in a thin
flat plate falls into the category of plane stress problems. The equa-
tion defining such problems is quite frequently written in terms of
Alry's stress function, the stresses in turn being defined in terms of
that function (ref. 1). Using that procedure for the thin flat plate
subjected to a thermal gradient produces the partial differential equa-
tion (ref. 2)

(e, 1) = - V2 B(E,n)alE, n)T(E, 1) (A1)
with the boundary conditions
w(b,n) =0 w
aa_g' W(bJ T]) =0
' (a2)
W({;,a) =0
6% w(é) a) =0 J

derived from the normal and shear stresses vanishing on the boundary,
and where the stresses are defined by

2
Gg ='§—'2‘ W(E;ﬁ) 7
a

2
o, = :—gg Wen) P (43)

aZ
T = - W
The solution to equations (Al), (A2), and (A3) is presented in de-
tail in reference 2. The method is summarized in the remainder of this

section with the nomenclature of this paper.

For greatest generality, a transformation is made to another co-
ordinate system having the following properties:

x = &/ay vy = n/a; B = b/a

geeT~d
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The plate is shown with respect to these coordinete systems In figure
27. Rewriting in the upper-right quadrant of the new coordinate system,
equation (Al) becomes

VAQ(x,y) = - VZP(x,y) (A4)
where
EaT
L.
EqaoTs

and © 1is Airy's stress function in the new coordinate system, and
equations (A2) and (A3) become

a(B,y) = ga; alp,y) = a(x,1) = ;% a(x,1) =0 (A5)
" T 5 )
g |

R a;a; a(ey)

For variations in both the x and the y directions, two separate
solutions can be found and superposed, inasmuch as the differential equa-
tion (Al) is linear and the principle of superposition applies. For
simplicity, then, assume that the temperature varies only in the Yy
direction:

T = T(y), r = T'(y) (A7)

For temperature variations in the other direction, the obvious coordinate
transform may be made. For additional simplicity, with no loss of gen-
erality, separate T intoc two functions

T(y) = Teven(Y) + Todd(y) (A8)

such that T.yen 1s an even function and Tg,3q an odd function. Again
by superposition, two solutions can be found and combined. In the en-
suing discussion only the even part is treated. The odd part is handled
in a similar manner.

It should be noted that nowhere in the following discussion 1s any
restriction placed on E and a. These quantities also may vary with
the coordinates of the plate.
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Solving equation (A4) approximately, using a collocation procedure
whereby the differential equation is satisfied everywhere in x but
only at a finite number of equally spaced values of Yy, the solution is
assumed to be of the form:

I

a(x,y) = kz=:1 O (x) P (y) (A9)

kth

where Py 1s a polynomial associated with the station and has

the property
P(yy) = By; (A10)
and satisfies the boundary conditions in y, namely:
P (1) = P}(1) =0 (A11)

Such polynomilals are easily obtalnable and for the even temperature
distribution have the form:

2 _ )2
P (y) = (Zﬁ : 1;2 ;];l (2 - y?)/;l;lk_ (v - ¥3), 0 <y <1 (a12)

Evaluating equations (A9) and (A12) and substituting into equation (A4)
at each station produce a system of n simultaneous, linear, ordinary
differential equations of the form

1y 111
Q% + D107 + Epgy w

1
+ Dzlﬂ'z + Ex Q5

+ . .
+ Dle; + Epqfly = - VZP(yl)
..o \ (A13)

Qi + D1,0] + By
"
+ Dy 05 + Ep flp

+ o . .

+ DypQ + Fnfn = - VoT(yp)

BeeT-d
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where the Dij and Eij are defined as follows:

D

iy = 2Pi(y;3)
(A14)
Eij = Py"(yj)

Tnasmuch as the right-hand sides are even functions of x (they are
actually constant with respect to x), only the even part of the solu-
tion is necessary. Using conventional procedures produces the homogene-
ous solution as a sum of exponential quantities. Rearranging for con-
venience produces the following solution:

n
Qg = .E]_{Aj [aij cosh(gjx) cos(hjx) + Dy sinh(gjx) sin(hjx)]
J:‘.

+ BJE&HJ cosh(gjx) cos(hjx) + 8y sinh(gjx) sin(hjxn} (A15)

where the g3 and hj are solutions of the determinantal equation

associated with system (A1Z).

In order to determine the constants Aj and Bj and the particular

solutions, and hence the complete solutions, the specific values of the
right-hand sides must be known. Since the right-hand sldes are constant,
a particular solution may be formed from & linear combination of the
right-hand sides; that is,

Qgp) = ,Zl lijvzl‘(yj) (A16)
J::

where the lij are solutions of a set of n 1linear algebraic equations
resulting from the substitution of equations (Al6) into equations (A13).
Once the particular solutions have been obtained, they may be comblned
with the homogeneous solutions, equations (A15), and substituted into
the expressions for the boundary conditions, equations (AS), developing
a system of 2n linear algebraic equations in Aj and Bj.

Tt is desirable to develop a right-hand side to system (AlS) and a
solution for it in such a manner that the complete solution to any spe-
cific problem may be rapidly determined from that solution, obviating
the necessity for the development of, and solutions to, systems of alge-
braic equations. Because system (AlS) is linear, such a procedure may
be followed.
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A set of n right-hand sides for system (AlB) was chosen, and n
solutions were found. These n solutions may be combined for any spe-
cific problem, the combination depending on the temperature distribution
for that problem. Each right-hand side is the negative of one of the
columns of the identity matrix of order n. This results in n solu-
tions of the form of equation (Al5), differing only in the values of
Aj and Bj and n sets of particular solutlons associated with them.

Substitution in equation (A6) produces the following expressions for
the stresses:

o(x,y) = E Fi(vy) Z Qij(x) P:j'(Y) ‘1
i=1 =1
o) - B ml) B a0 B > (a17)
i=1 j:l
Mxy) = - 20 Filys) 2, of5(x) PY(y)
i=1 j=1 J

where
Fi(yi) = VZP(yi)

It was shown in reference 2 that, for problems for which the exact
solution to egquation (Al) could be found, the preceding method gives
extremely accurate results, and no substantial increase in accuracy re-
sulted from increasing n above 3. Therefore, all further results
given in this paper are for n = 3.

Solutions

The relations that follow describe the solutions for either even
or odd temperature gradlents, depending on the values assigned the co-
efficients. Tables XXVIT to XXXII tabulate all the coefficients nec-
essary to define completely the solutions except for the multiplicative
constants G4, which depend on the temperature distribution. The con-
stants Ajk and Bjk depend on the boundary conditions and hence the

value of B. For values of B other than those tabulated, they must
be computed from the boundary conditions in the normal manner. The
solutions are as follows:

8eeT-d
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3 3
o(x,y) = 2, Gq(ys) 05(x,7)
i=1
3
o(x,y) = 121 Gylyy) o5(xy) 8 (A18)
3
Mx,y) = z: Gi(yi) 7\1(35;3’)
i=1 J
where
61(v1) = PT{yy) (A19)
and
3 h
01(x,¥) = 2 935(x) PI(y)
j=1
3
% (x%y) = El ai5(x) Py(y) < (A20)
J=
3
M6y) = - 20 015(x) PY(y)
j=1

where 1 =1, 2, 3.

Note that, of the following systems of equations, systems (A21)
and (AZS) have slightly differing forms for even and odd temperature
distributions. This is because the determinantal equation associated
with the even temperature distribution has all complex solutions, while
the determinantal equation for the odd distribution has two real
solutions.

r A ™)
{Ajk _aik“’}gl) + bika)l((Z)] + By [‘bik“ﬁgl) + aikmk(:z)_} + 9%)

k=1
5 J -~

2y = Z {Ajk _Cik%(;s) + d__kml(f)] . Bjk[‘dik"ﬁ(gs) . Cix%(f)_} | (1210)
k=1

Myt ki; {Ajk fik“ﬁgl) * f«;k%(qz)] * Bjk[_fikwl({l) * eikwl(f)-} J

where i =1, 2, 33 j =1, 2, 3; even case only.



3)
{Ajk [Cik‘”li

where

for even case: k = 1,

for odd case only.

4) 3) 4)
+ dik“)L(s ] + Bsyy [‘dik%i + Cik‘*’}i ]}

ik“’igz)] + Bjk[’bikwlgl)

i=1 2, 3 j=1, g

~
+ aik‘“l({z )]}

1 2

> (A21v)

+ A33C13w§3) + BdeiSwg4)
+ fik%(cz)] + By [‘fik&’él) + eik‘“}({Z)]}
1 2
+ AjSeiSwé = BjsfiS‘”:(s )J
3; odd case only.
\
wél) = cosh(gkx) cos(hkx)
wéz) = sinh(gkx) sin(hkx)
mﬁS) = sinh(g,x) cos(hyx)
w£4) = cosh(g,x) sin(hkx)
2, 3; for odd case: k =1, 2. »
mél) = cosh(gzx)
wéz) = cosh(hzx)
méS) = sinh(gsx)
wlt) = sinh(hsx)

(A22)

BeeT-H
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5 )
2k-2
Pj(y) = Z Tik ¥
k=1
4 2k-1 (a2ze)
1 - - 23
PLY) = 30 sy ¥ F a
k=1
|r( ) f 2k Pt
Pi(y) = tLL yorT
J ~ Tk J
where Jj =1, 2, 3; even case only.
2 2k-1 W
Pj(Y) = 2: Tk ¥
k=1
P! (y) = 2 s ka-Z & (AZSb)
J 2, Six
k=1
4 -
PI(Y) = 3 tik yok-1
k=1 J
where J =1, 2, 3; odd case only.
(p) _
Qij = zij

where 1 =1, 2, 3; j=1, 2, 3.

The expressions for ©; and ¢i from equations (AZO) have been

evalvuated at a number of pcints for several values of B, and the solu-
tions are tabulated in tables I to XXVI and are presented graphically
in figures 1 to 26. The »; are not tabulated because reference 2
shows the shearing stresses to be quite small in relation to the other
stresses for problems of this type. Cross plotting of the graphs en-
ables one to obtain soluticns at intermediate values of B, and permits
more accurate interpolation between values of y. Those solutions, used
in equations (Al17) and (Al18), give the stress distribution in any plate
having a span-to-chord ratioc of B. For two-dimensioconal thermal grad-
ients the plate is oriented one way with respect to the x,y axes, and
the solution is found for the thermal gradient in the y direction;
then it is rotated 900, and the soluticn is found for the reciprocal
value of B and the new thermal gradient in the y direction. The
stress at any point is the algebraic sum of the two stresses found.
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Similarly, problems involving gradients that are neither odd nor even
can be separated into two problems, one odd and the other even, and the
stresses found summed.

Finally, it was found unnecessary to evaluate the solutions at
values of B greater than 3. Such values result in the solution for
the semi-infinite plate; hence, infinity can be regarded as 3 for this
problem. It is to be noted that, for the larger values of B, the solu-
tions are virtually identical.

RECT-H
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APPENDIX B

SYMBOLS

coefficients of homogeneous solutlions to differential equa-
tion for stress function

semichord and semispan dimensions of plate, respectively

19

coefficients of functions in homogeneous solutions to differ-

ential equation for stress function

coefficlents of functions in particular solutions to differ-
ential equation for stress function

Young's modulus

reference value of Young's modulus

combining coefficlents for complete stress at any point
mesh spacing in finite difference grid

Iaplacian of EoT

polynomial associated with kP station function in y

ith station

coefficients of polynomial associated with
temperature function
reference temperature

even portion of temperature function



PR
8, 84

Ay N

N
TX}” Tgn
3, 05

Qij,g(P)
w{ )

0dd portion of temperature function
Airy*s stress function in E,n coordinate system
dimensionless spanwise and chordwise coordinates, respectively

th station

J
coefficient of linear thermal expansion

coefficient of linear thermal expansion at reference
temperature

ratio of span to chord

EaT
EsaoTo
1, k=J
Kroniker's delta, 8. =
J ;
0, kfg

chordwise and spanwise coordinates, respectively
dimensionless spanwise stress

dimensionless shear stress

longitudinal stress

lateral stress

shear stress

dimensionless chordwise stress

dimensionless Airy's stress function

solution function to differential equations for stress
product for all values of except J=k

3% ¥
Iaplacian operator, Nl + ]
ox dy
4 4 o4
biharmonic operator, —5 + 2 +
dx4 x2 dye  dyt

8eeT-d
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TABIE I. - 8 AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = 0.10

x/B 8,x10° | 8,X10° |  85X10° 9x10° | @,x10° | 95x10°
v. 0.0710 | ~0.1008 | 0.070C 1.988 | —0.451 | 0.306
0.0356 | =C.0325 | =0.0099 1.476 | 0.2u4 | -0.12)

~0.0324 | 0.0868 | -0.1117 0.447 | 1.379 | -0.350

-0.0505 | ©.0607 | G.0145 -0.146 | 1.330 | 0.839

0.0100 | ~0.0806 | 0.2415 -0.055 | 0.240 | 1.585

-0.0373 | 0.1176 | -0.7510 0.000 | 0.000 | -06.000

0.2 0.0655 | ~0.0930 | 0.0647 1.753 | -0.403 | 0.273
.0328 | ~0.0300 | -0.0091 1.301 | 0.214 | -0.107

-0.0299 | 0.0802 | -0.1032 0.39) 1.219 | -0.314

-0.0466 | 0.074k | 0.0133 -0.130 | 1.172 | 0.741}

0.C093 [ -0.0746 | 0.2230 -0.047 | 0.206 | 1.406

-0.0345 | 0.1090 | -0.6935 0.000 | 0.000 | -0.000

Uod 0.6503 | =0.0716 | €.0500 1.045 | -0.252 | 0.173
0.0252 | ~0.0230 | =0.0069 0.772 | 0.123 | -0.066

-0.0230 | 0.0618 | -0.0796 0.226 | 0.733 | -0.202

-0.U358 | C.0571 | 0.0101 -0.081 | 0.697 | 0.uub

0.0073 | =0.0576 | 0.1718 -0.026 | 0.110 | 0.860

~0.0269 | 0.0849 | -0.5340 0.000 | 0.000 | -0.000

G.b 0.0293 | =C.0M19 | ©.029 -0.145 | 0.014 | -0.006
G.Clu6 | ~0.0134 | —0.0040 -0.112 | -0.024 | 0.006

~0.0135 | 0.0362 | —0.0467 -0.043 | -0.090 | 0.003

-G.0208 | 0.0333 | 0.00%8 0.005 | -0.099 | -0.057

0.00uY | -0.0340 | C.1007 0.007 | -0.037 | -0.082

~0.0160 | 0.0508 | -0.3129 -01000 | -0.000 | 0.000

0.8 0.009% | ~0.0134 | 0.0095 -1.833 | 0.u21 | -0.286
0.0047 | ~0.0043 | -0.0013 -1.360 | -0.223 | 0.112

~0.0043 | 0.0116 | -0.0150 -0.%09 | -1.275 | 0.329

~0.0066 | 0.0106 | G.0018 0.136 | -1.225 | —0.774

0.0015 | -0.0110 | 0.0323 0.050 | =0.216 | —1.470

-0.0053 | 0.0167 |-0.1003 -0.000 | -0.000 | 0.000

1.0 0.0000 | -0.0600 | 0.0000 -4.040 | 1.005 | ~0.695
0.0000 | ~0.0000 | 06.0000 -2.979 | -0.469 | 0.259

-0.0000 | 0.0000 | -0.0000 -0.859 | -2.852 | 0.818

-0.0800 | 0.0000 | -0.0000 0.321 | -2.691 | -1.722

0.0000 | -0.0000 | 0.0000 0.095 | -0.396 | -3.376

-0.0000 | 0.0000 | -0.0000 -0.000 | -0.000 | 0.000

8eeT-H
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TABIE IT. - & AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.10

E-1338

x/B| ¥ elxlo3 eleo3 93x103 q>1><lo3 ¢2x103 03x1o3
Oe 0. -0. 0. 0- -0. 0. Oe
0.2 0.1755 | -0.0694 0.0138 1.639 0.156 -0.046
0.4 0.0589 | 0.0350 | -0.0659 0.938 1.137 | -0.149
0.6 -0.1521 0.1354 | -0.0332 -0.550 1.559 0.632
0.8 0.0247 | -0.0871 0.2464 -0.229 0.342 T.491
1.0 -0.2368 0.2439 | —-0.8729 0.000 0.000 -0.000
0.2 |0. -0. 0. 0. -0. 0. 0.
0.2 0.1620 | -0.0641 | 0.0128 1.450 0.134 | -0.0%0
O.u4 0.0543 0.0323 | ~0.0608 0.827 1.003 -0.135
0.6 -0.1405 | 0.1250 | -0.0307 -0.488 1.376 0.557
0.8 0.0230 | -0.0806 0.2276 -0.199 0.29¢6 1.324
1.0 -0.2192 | 0.2260 | -0.8063 0.000 0.000 | -0.000
0.4 |O. -0. 0. 0. -0. 0. 0.
0.2 0.1245 | -0.0495 0.0100 0.876 0.072 -0.023
0.4 0.0416 | 0.0249 | -0.0u69 0.493 0.600 | -0.090
0.6 -0.1081 0.0962 | -0.0239 -0.299 0.822 0.331
0.8 0.0181 | -0.0625 | 0.1755 -0.11 0.161 0.814
1.0 -0.1700 | 0.1758 | -0.6216 0.000 0.000 | -0.000
0.6 | 0. -0. 0. O. 0. -0. -0.
0.2 0.0728 | -0.0291 0.0060 -0.101 -0.024 0.0C5
0.4 0.0241 | 0.0146 [ -0.0275 -0.069 | -0.081 | -0.00u
0.6 -0.0633 | 0.0%63  -0.01u3 0.027 | ~-0.111 | -0.0u8
0.8 0.0110 |-0.0370 | 0.1031 0.029 | -0.049 | -0.072
1.0 -0.1008 | 0.1047 | -0.3650 -0.000 | -0.000 0.000
0.8 |0. -0. 0. 0. 0. -0. -0.
0.2 0.0233 | -0.0093 | 0.0020 -1.516 | ~0.140 0.042
0.k 0.0076 | 0.0047 | -0.0088 -0.865 | —1.049 0. 141
0.6 -0.0203 | 0.0180 | -0.0047 0.511 | -1.439 | ~0.582
0.8 0.06037 | -0.0120 0.0331 0.209 ~-0.309 -1.385
1.0 -0.0329 | 0.C344 | -0.1174 -0.000 | ~0.000 0.000
1.0 |0. 0. 0. 0. 0. -0. -0.
0.2 0.0000 | -0.0000 | 0.0000 -3.416 | -0.258 0.085
0.t -0.0000 | -0.0000 | 0.0000 -1.908 | -2.322 0.370
0.6 -0.0000 | 0.0000 | 0.0000 1.179 | -3.185 | -1.274
0.8 0.0000 | -0.0000 | 0.0000 0.408 | -0.584 | -3.20u
1.0 -0.0000 | 0.C000 | -0.0000 -0.000 | -0.000 0.000
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TABIE TIT. - © AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = O.20
x/B 8,x10° | ©,x10° | @5x10° 9,x10° | 0,x10° | 05x10°
0. 0.91% | ~1.143 | 0.48] 7.16 | -0.65 0.36
0.497 | -0.422 | -0.15k 5.55 1e24 | =0.23

-0.336 | 0.912 | -0.907 2.15 4.53 | -0.15

-0.606 | 1.070 | 0.280 -0.19 4.86 246

~0.082 | —0.584 | 2,149 ~0.30 1.70 3.58

~0.116 | =0.006 | -6.901 €.00 0.00 | -0.00

6.2 0.845 | -1.060 | 0.450 6.35 | -0.63 0.35
0.459 | -0.390 | -0. 142 491 1.07 | -0.21

~0.312 | 0.847 | -0.8uk 1.87 ¥.04 | -0.19

-0.616 | 0.989 | 0.258 -0.19 4.30 2.20

-0.057 | =0.547 | 1.997 -0.26 147 3.26

-0.112 | 0.017 | =611 0.00 0.00 | -0.00

Cols 0.654 | -0.825 | 0.359 3.86 | =-0.53 0.29
0.354 | -G.302 | -0.109 2.95 0.60 | -0.16

~0.244 | 0.662 | -0.067 1.06 2.52 | -0.25

-0.476 | 0.764 | 0.196 -0.17 2.61 1.39

~0.023 | -0.439 | 1.569 ~0.15 0.78 2.22

-0.097 | 0.066 | -5.026 0.00 0.00 | =0.00

G.6 0.386 | —0.493 | 0.22u ~0.40 | =0.19 0.11
0.208 | -0.178 | -0.063 -0.36 | -0.16 | -0.03

~0.147 | 0.398 | -0.408 -0.25 | =-0.15 | -0.21

~0.281 | 0.450 | 0.112 -0.08 | -0.28 | -0.06

-(.008 -06275 0.950 0.03 -0.28 0.16

~0.068 | 0.091 | =3.034 ~0.00 0.00 | -0.00

c.8 0.125 | -0.162 | 0.078 ~6.63 0.66 | -0.36
0.067 | ~0.058 | -0.020 -5.13 | -1.12 0.22

-0.049 | 0.132 | -0.138 -1.96 | -u.22 0.19

-0.091 | 0.146 | 0.035 0.20 | -4.50 | -2.30

-0.000 | -0.096 | 0.319 0.28 | -1.54 | -3.%0

-0.027 | 0.054 | =1.013 -0.00 | -0.00 0.00

1.0 0.000 | 0.000 | 0.000 -15. 1 2.46 | -1.40
0.000 | -0.000 | 0.000 -11.48 | -2.21 0.68

~0.000 | =0.000 | -0.000 -3.94 | -10.05 1.36

-0.G00 0.000 -0.000 0.80 -10.22 -5.54

0.000 | 0.000 | 0.000 0.55 | =2.71 | -9.29

-0.000 | -0.000 | -0.000 -0.00 | =0.00 0.00

B8CeT~H
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TABIE TV. - ® AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.20
x/B| v 8,x10° | ©,x10° | @3zx10° 0x10% | 9,x10° | @x10°
G. | 0. -0. 0. 0. -0. 0. 0.

0.2 2.049 | -0.657 | -0.026 4.90 1.17 -0.14
0.4 0.864 0.397 | -0.560 3.22 4.10 0.11
0.6 -1.651 1.5486 | -0.056 -1.32 S5.46 2.02
0.8 -0.164 | -0.518 2.099 -1.15 2,14 3.27
1.0 -1.337 0.724 | -7.498 0.00 0.00 -0.00
0.2 On —0- Ot 0- "0. Oo 0.
0.2 1.899 | -0.611 | -0.021 L.40 1.01 -0.13
Ot 0.797 0.368 | =0.521 2.87 3.63 0.07
0.6 ~1.532 1.433 | -0.056 -1.21 4.85 1.80
V.8 -0.145 | -0.488 1.953 -1.01 1.85 2.99
1.0 -1.260 0.705 | —6.975 0.00 0.00 -0.00
0.4 | G. -0. C. 0. -0. 0. 0.
0.2 1.477 | -0.481 | 0,011 2.82 0.53 -0.09
0.l 0.614 0.286 | =0.411 1.77 2.21 -0.04
0.6 -1.196 1.115 | -0.05k -0.84 2.98 1.1
0.8 -0.097 | -0.398 1.538 -0.58 1.01 2.05
1.0 -1.030 0.628 | -5.490 0.00 0.00 -0.00
Geb6 | 0. -0. | Ca 0. 0. -0. 0.
0.2 0.880 | -0.292 | -0.0GGC -0.0b -0.20 -0.00
Ol 0.559 | 0.171 | -0.25C Gk -0.22 —0.14
0.6 -0.718 0.666 | -0.0u3 -6.09 -0.26 -0.09
0.8 -0.041 | -0.256 0.936 0.12 -0.32 0.18
1.0 -0.664 G.u5u | -3.357 -0.00 -0.00 -0.00
0.8 | 0. -0. 0. 0. 0. -0. -0.
G.2 0.289 | -0.099 0.003 -4.59 -1.06 0.14
Ol 0.115 C.056 | ~0.084 -3.00 -3.79 -0.08
0.6 -0.238 0.219 | -0.019 1.26 -5.07 -1.89
0.8 -0.006 | -0.093 0.316 1.07 -1.95 -3.1
1.0 -0.242 G186 | -1.125 -0.00 -0.00 0.00
1.0 | O. 0. 0. 0. 0. -0. -0.
0.2 0.000 G.000 0.000 ~11.u6 -1.83 0.33
Cold -0.000 | -0.000 | -0.000 -6.98 -8.69 0.u1
0.6 -0.G00 | -0.00G6 | -0.000 3.55 |-11.74 -4.36
G.8 0.000 0.000 0.000 2.13 -3.55 ~-B.66
1.0 -0.000 | -C.000 | -0.000 -(.00 -0.00 0.00
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TABLE V. - ® AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; 8 = 0.30

x/B| ¥ 8,x10% | 8,x10° | 8zx10° 9x10° | 0,x10° | 95x10°
0. 0. 3.46 -3.72 D.u8 13.98 1.06 0.05
.2 2.03 -1.48 -0.57 11.34 3.61 0.06
Ol ~-0.94 2.87 -1.57 5.52 8.24 1.01
0.6 -20“5 ll-03 10‘9 0~87 8.9". 303"
0.8 -0.71 -1.04 454 -0.27 3.92 3.u8
1.0 0.10 -4.25 ‘_]5.52 0.00 0000 -0.00
0.2 | 0. 3.21 -3.406 0.47 12.45 0.75 0.08
0.2 1.88 -1.38 -0.53 10.06 3.12 0.01
O.b -0.88 2.68 -1.49 4.81 7.39 0.80
0.6 -2.28 3.73 1.10 0.67 T.99 3.05
0.8 -0.64 -1.00 4.27 -0.27 3.42 3.3
1.0 0.08 -3.82 -1h.56 0.00 0.00 -0.00
O.4 ' 0. 2451 -2.T4 0.42 T.77 -0.02 D.16
0.2 lelb -1.08 -0.4} 6.17 1.70 -0.09
O.h -0.70 2.13 -1.23 2.72 b7k 0.24
0.6 -1.78 2.91 0.85 0.16 5.05 2.09
0.8 -0.47 -0.87 3.47 -0.24 1.93 2.62
1.0 0.0u -2.68 -11.75 0.00 0.00 -0.00
0-6 0- ‘050 -1.68 0.31 ‘0.‘48 -0085 0.2‘
0.2 0.87 -0.65 -0.24 -0.56 -0.51 -0.15
Ool ~0.ul 1.32 -0.82 -0.64 -0.04 -0.49
0.6 “007 1-75 0.‘&9 -0. 44 "0023 0.18
0.8 -0.26 -0.61 2.22 -0.08 -0.52 0.81
1.0 -0.01 -1.30 -T.44 -0.00 0.00 -0.00
0.8 | Q. 0.50 -0.58 0.13 -13.00 -0.84% -0.03
0.2 .28 -0.22 -0.08 -10.52 -3.27 -0.02
0." "00‘5 0.“6 -0.3] _S.OS -7067 _0.9,
0.6 -0.36 0.58 0.16 -0.71 -8.37 -3.18
008 —0007 -0-25 0.80 0031 -3.61 —3.38
1.0 -0.02 -0.28 -2.65 -6.00 -0.00 0.00
1.0 | 0. -0.00 -0.00 0.00 -31.00 la61 -1.21
0.2 "0-00 -0000 0-00 ‘2’4.30 -6.‘8 0.60
0.4 -0.00 -0.00 -0.00 -10.05 -19.52 0.06
0.6 0.00 0.00 -0.06 0.00 -20.16 -8.77
0.8 0.00 0.00 0.00 0.97 -6.65 -12.27
1.0 -0.00 -0.00 -0.00 -0.00 -0.00 0.00

BECT-X
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TABLE VI. - © AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.30
x/B 01x10° | 8,x10° | @5x10° 9,x10° | 0,x10° | 05x10°
0. -0- 00 0. -0 0. 0'
6.56 ~1.40 -Cok40 7.06 3.51 0.10
3.24 1.75 -1.07 5.36 8.17 1.01
-4.81 5.20 0.062 -0.94 9.83 2.94
-1.47 -0.70 4.38 -1.66 B.57 3.19
~1.69 -3.25 -16.11 0.00 0.00 -0.00
0-2 0- -0. 0. 0. -0 0- 0.
0.2 6.11 -1.33 -0.36 6.48 3.04 0.06
0.4 3.01 1.62 -1.01 4.84 T.27 0.84
0.6 -4.49 4.84 0.56 ~0.96 8.81 2.067
0.8 -1.3U4 -0.69 haol2 -1.52 4.01 3.04
1.0 -1.65 -2.83 -15.15 0.00 0.00 -0.00
0.4 -0. 0. 0. -0 0. 0.
4L.83 -1.09 -0.27 4.53 1.67 -0.03
2.34 1.26 -0.83 3.19 4.53 0.36
-3.58 3.81 0.39 -0.92 5.63 1.78
-0.99 -0.64 3.36 -1.03 2.33 2.42
-1.51 -1.78 -12.31 0.00 0.00 -0.00
0.6 ] 0 -0. 0. 0. 0. -0. 0.
0 2.96 -0.71 -0.14 0.57 -0.51 -0.10
0 1.40 0.75 -0.54 0.07 -0.28 -0.33
0 -2.22 2.33 0.19 ~0.51 -0.13 0.07
0 -0.53 -0.49 2.16 -0.03 -0.51 0.77
1 -l.14 -0.62 -7.88 0.00 -0.00 -0.00
0.8 0 -0. 0- 0. O. -0. -0-
0 1.0} -0.26 ~0.04 -6.71 -3.22 -0.06
0 0.u46 0.25 -0.20 -5.07 -7.58 -0.92
0 -0.77 0.79 0.0u4 0.96 -9.20 -2.81
4] -0 14 "0.22 0079 l.bS -u.31 -3a08
1 -0.50 0.02 -2.85 -0.00 -0.00 0.00
1.0 Oo Oa _00 O. C. -0. —0.
0.2 0.00 0.00 0.00 -19.59 -5.87 0.21
(] 0.00 -0.00 0.00 -13.05 | ~-18.1u4 -0.76
0.6 -0.00 -0.00 0.00 4.70 | -22.78 -7.29
0.8 -0.00 0.00 0.00 3.92 -8.16 -11.46
1.0 -0.00 -0.00 -0.00 -0.00 -0.00 0.00
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TABIE VII. - ® AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = O.40
x/B y @lx103 @leo3 93x105 ¢1x105 ®2x103 ¢3x105
Oe Ue 7.93 -7.00 -0.20 21.23 Se 14 0.27
0.2 4.96 -2.68 -1.09 17.95 7.57 0.70
0.4 -1.35 5.88 ~1.43 10.42 11.83 2.00
0.6 -5.09 B.53 2.52 3.59 11.81 3.40
0.8 -2.48 ~1.66 5.83 0.55 53l 2.62
1.0 -1.05 [ -13.37 | -21.83 0.00 0.00 0.00
0.2 | 0. 7.37 ~6.57 -0.13 19.02 4.23 0.2u
0.2 b.61 -2.51 -1.02 16.00 6.56 0.56
Ot -1.28 5.51 -1.40 9.12 10.66 1.7
0.6 ~-4.75 T.94 2434 2.97 10.70 3.19
0.8 -2.28 ~1.62 5.56 0.39 L.76 2.62
1.0 -0.93 | -12.14 | -20.72 0.00 0.00 0.00
Ou.k |0 5.81 -5.31 0.02 12.14 1.69 0.16
0.2 3.61 -2.02 -0.81 10.00 3.62 0.17
Dok -1.07 bou5 -1.28 5.23 6.99 0.83
0.6 -3.78 6.28 1.84 1.25 7.10 2.41
0.8 -1.74 -1.47 L.73 ~0.03 2.91 2.45
1.0 -0.62 -8.82 | -17.32 0.00 0.00 -0.00
Ueb | Do 3.54 -3.38 0. 14 ~0.26 -1.80 0.09
0.2 2.17 ~-1.26 -0450 ~0.58 -1.02 -0.32
0.4 0.7 2.83 -0.97 -1.11 0.23 -0.55
C.6 -2.34 3.85 1.10 -1.11 0.26 0.57
0.8 -0.99 -1.13 3.24 -0.43 -0.ly 1.36
1.0 -0.29 -4.53 | =11.6]1 -0.00 0.00 -0.00
0.8 | 0. 1.20 -1.22 0.12 -19.81 -4.62 -0.13
0.2 0.73 -0 4k -0.17 -16.71 ~6.89 -0.61
0.4 -0.27 1.03 -0.43 -9.59 | -10.96 -1.95
0.6 -0.81 1.31 0.36 -3.15 | -11.19 -3.29
0.8 -0.30 -0.51 1.28 -0.38 -5.23 -2.48
1.0 -0.07 -1.08 -4 .46 -0.00 -0.00 -0.00
1.0 | G. 0.00 0.00 0.00 -49.39 -3.24 ~1.37
0.2 0.00 0.00 0.00 -39.98 | -13.12 ~0.12
0.4 -0.00 -0.00 ~0.00 ~19.37 | -29.69 -1.73
0.6 -0.00 -0.00 -0.00 -3.24 | -29.23 | -10.84
0.8 0.00 0.00 0.00 0.62 -9.89 | -13.27
1.0 -0.00 -0.00 ~0.00 -0.00 -0.00 0.00

BECT-H



E-1338

29

TABLE VIII. - © AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.40

x/B 8,x10° | 8,x10° 8x10° 0,x10° 9x10°
0. -0. 0. 0. 0. 0.
12.19 -0.88 -0.73 6.27 0.63
674 5.13 -0.98 11.95 1.85
-7.91 10.65 1.89 12.85 3.15
-3.43 ~1.08 5.0k 6.02 2.46
-2.36 | -12.67 | -22.17 0.00 0.G0
0.2 -0. 0. 0. 0. 0.
11.43 -0.89 -0.68 5.52 0.52
6.28 4.76 ~0.96 10.75 1.60
-7.46 9.95 1.73 11.68 2.93
-3.17 ~1.09 5.39 5.40 2.45
=2.31 | -11.39 | -21.10 0.00 0.00
0.4 ~0. 0. 0. 0. 0.
9.22 -0.88 -0.53 3.24 0.20
4.98 5,71 -0.87 6.96 0.86
~6.12 T.%4 1.29 7.86 2.15
-2.43 -1.07 4.59 3,41 2.27
2.1 797 | —17.77 0.00 -0.00
0.6 -0. 0. 0. -0. 0.
5.83 -0.72 -0.30 ~0.61 -0.22
3.06 2.23 -0.65 0.02 ~0.36
-3.99 4.95 0.76 0.43 0.40
-1.39 -0.90 3,06 -0.33 1.26
-1.71 3.7V | -12.06 -0.00 -0.00
0.8 -0. 0. 0. -0. -0.
2.08 -0.34 -0.09 -5.89 ~0.54
1.04 0.75 -0.26 11,17 -1.79
-1.48 1.74 0.19 -12.16 -3.06
-0.41 -0.45 1.26 -5.94 -2.29
-0.84 -0.61 ~4 .72 ~0.00 -0.00
1.0 -G. 0. -0. -0. -0.
0.00 .00 -0.00 -11.73 —0.47
0.G0 0.00 0.00 -28.67 -2.40
-6.00 -0.00 0.00 -32.93 -9.34
-0.00 0.00 -0.00 -11.89 | -12.u48
-0.00 -0.00 0.00 -0.00 0.00
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TABLE TX. - ® AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = 0.50
x/B| ¥ 8,X10%|  8,x10 8,x10° ¢,>103 0,x10° 9,x10°
0. 0. 14,04 -9.27 ~0.%4 28.30 10.71 1.00
0.2 9.35 -2.98 -l.bk 2471 12.39 1.48
O.u4 -0.86 ?.44 -0.85 16.13 14.93 2.55
6.0 -7.76 13.05 3.78 7.40 13.24 3.09
0.8 -5.72 -3.23 6.18 1.95 5.76 1.86
1.0 -6.04 -24.97 ~-25.93 0.00 0.00 0.00
Ue2 | O 13.10 -8.79 -0.81 25.48 9.09 0.83
] 8.70 ~2.83 -1.36 22.13 10.82 1.24
0 -0.86 8.92 -0.90 14.18 13.51 2.26
V] -7.30 12.23 3.54 6.2U 12,16 2.98
G -5.31 -3.11 6.00 1.55 5.27 1.95
! -5.37 -22.85 ~-24.90 0.00 0.00 0.00
Uels | O 10.41 -T.32 ~-0.49 16.60 h.39 0.39
0 6.87 -2.39 -1.11 Y410 6.13 0.55
o ~-0.82 7.29 -1.00 8.32 9.02 131
0 -5.95 9.84 2.84 2.96 8.51 247
0 4.1k -2.75 5.36 O.46 3.54 2.10
1 ~3.64 -16.97 -21.53 0.00 0.00 0.00
Ueb6 | O 6.43 -4.90 -0.10 0.25 ~2.64 -0.1%
0 4,20 -le61 -0072 -0.34 -1.45 '0.1}5
0 -C.065 L.Ty -0.94 -1.47 0.61 -0t
0 -3.82 6.20 1.77 -1.85 1.01 0.95
1] ~-2.48 -2.07 3.98 -0.91 -0.06 1.66
1 -1.65 -9.01 -15.26 -0.00 0.00 -0.00
0.8 2.23 -1.89 0.08 -26.45 -9.94 -0.69
1.43 -0.62 -0.26 -23.05 -11.39 -1.36
‘0.29 '079 -O.S‘ —H&.?‘b "'3.76 _2.6“
-1.39 2.20 0.61 -6.70 -12.69 -2.98
"0-8] "0097 ‘.7" ""ob? ""5.98 “052
-0.32 -2.20 -6.33 -0.00 -0.00 -0.00
1.0 0.00 -0.00 -0.00 -68.87 -11.78 -2.26
0.00 —0.00 0-00 —57029 "22.“2 ".28
-0.00 0.00 0.00 -31.11 -39.47 -3.28
-0.00 0.00 0.00 -B.49 -36.23 -12.10
0.00 -0.00 -0.00 -0.28 -11.87 -13.64
-0.00 0.00 0.00 -0.00 -0.00 0.00
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TABIE X. - @ AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.50

x/B 8,x10° | 8,x10° X107 0,%x10° 0,%X10° 0,x10°
Ue ‘Uc 0- Oo ‘0- 0- O.
17.38 1.53 -0.68 6.70 I 1.07
10.51 10.62 -0.33 6.62 14,03 2.28
-9.75 16.75 3.23 1.91 13.86 2.92
-5.31 -2.26 6.0u ~0.21 6.26 1.79
—4.48 | -24.73 | -26.08 0.00 0.00 0.00
U-2 -0- Oo 0. ’00 0- 0.
1641 1.29 -0.65 651 7.31 0.91
9-87 9-86 -0039 6023 1208] 200"‘
-9.31 15.71 2.99 1.49 12.83 2.80
-4.97 -2.21 5.87 -0.39 5.78 1.86
4,23 | -22.56 | -25.10 0.00 0.00 0.00
Uols -0. 0. 0. -0. 0. c.
13.53 C.67 -0.5% 5455 4,63 0.u5
7.97 7.73 -0.51 4.78 8.79 1.25
-7.92 12,70 2.31 0.30 9.2u 2.27
-3.95 ~2.0U 5.24 -0.79 4,05 1.97
-3.58 | -16.43 | -21.85 0.00 0.00 0.00
0.6 ~0. C. 0. -0. -0. 0.
8.88 0.03 -0.35 2.45 -0.29 -0.26
5.04 4.68 ~0.54 1.28 0.83 -0.22
-5.46 8.09 1.33 -1.26 1.53 0.77
-2.40 ~1.66 3.89 -0.88 0.21 1.53
-2.61 -8.23 | -15.70 0.00 0.00 -0.00
0.8 -0. 0. 0. 0. -0. -0.
3.3 -0.20 -0.11 -6.28 -7.84 -0.98
1.79 1.59 -0.31 -6.37 | -13.26 -2.31
-2.19 2.95 0.39 -1.88 | -13.29 -2.87
-0.76 -0.85 1.71 0.4b -6.55 -1.43
-1.27 ~1.60 ~6.66 -0.00 -0.00 -0.00
1. 0. 0. 0. 0. -0. -0.
0.00 -0.00 -0.060 -28.82 | -17.40 -1.29
0.00 -0.00 -0.00 -22.04 | -37.67 -3.82
~0.00 0.00 0.00 2.28 | -u0.43 | -10.63
0.00 -0.00 0.00 4.27 | -l4.16 | -12.89
-0.00 0.00 -0.00 -0.00 -0.00 0.00
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TABLE XI. - @ AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = 0.75

x/B 8,x10° | ,x10° 8x10° 0,x10° 9,x10°
G- 35.86 -5.42 -1.20 41.3 22.6
26.89 3.18 | -1.03 37.5 22.1
6.00 19.16 0.8 27.7 19.6
-13.05 19.47 5451 15.5 13.7
-21.7% | —12.91 5.09 4.9 5.1
~38.24 | -56.96 | -31.96 0.0 0.0
C.2 335,66 -5.62 -1.13 37.7 19.9 2.4
25.15 2.67 -1.0u4 3.1 19.7 2.6
5.36 18.12 0.65 24.8 18.0 2.7
-12.56 18.5¢9 5.28 13.6 12.9 2.3
-20.27 | -12.07 5.18 §.2 4.9 1.0
-34.53 | -53.04 | -31.20 0.0 0.0 0.0
Oelt 27.25 -5.88 -0.87 2641 11.7 3
20.16 lob2 -1.04 23.1 12.3 S
3.70 15.06 .12 15.7 12.7 0
-10.93 15.80 4.53 7.7 10.1 2
~16.15 -9.80 5.28 2.1 Bl 3
-24,49 | -41.49 | -28.53 0.0 0.0 0
Ual 17.39 -5.27 -0.39 3.0 -2.6
12.67 0.13 -0.86 1.8 -1.0
1.73 10.20 -0.51 -0.8 2.0
-7.81 10.86 3.14 -2.5 3.0
-10.15 ~6.65 .81 -1.5 1.2
-11.65 | -23.85 | -22.55 0.0 0.0
0.2 6.30 -2.80 0.06 -38.7 -22.1
5.51 -0.33 -0.40 -35.2 -21.0
035 4.18 -0.63 -26.2 -18.0
-3.26 433 1.23 -15.2 -13.2
-3.68 -2.99 2.7 -5.2 -5.9
-2.02 -6.21 ~11.13 -0.0 -0.0
1.0 -0.00 ~0.00 0.00 -1lu.y -37.4
-0.00 -0.00 0.00 -98.7 | -47.0
0.00 0.00 -0.00 -60.9 -59.4
0.00 0.00 -0.00 -22.5 | -u7.1 -13.7
-0.00 -0.00 0.00 -2.4 | -13.8 -13.9
0.00 0.00 -0.00 -0.0 -0.0
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TABLE XII. - ® AND © FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 0.75
x/B| ¥ 81x10° | 8,x10° | @5x10° 0,x10° 0,x10% 02x10°
0. |o0. 0. 0. 0. 0. 0. 0.
0.2 25.99 10.88 0.41 3.92 7.53 1.13
Oul 18.21 26.09 1.94 4.70 11.72 1.88
0.6 -16.19 | 29.23 5.62 2.70 10.29 1.78
0.8 -8.65 -7.13 5.58 0.76 4,20 0.78
1.0 -11.83 | -50.93 | -31.18 .00 0.00 0.00
0.2 | 0. 0. 0. 0. G 0. 0.
0.2 24.99 9.94 0.31 4,13 7.23 1.06
0.4 17.34 24,4y 1.70 4. Th 11.45 1.84
0.6 -10.10 27.77 5.33 2.4k 10.26 1.85
0.8 -8.29 -6.71 S.61 0.57 4.28 0.88
1.0 -10.97 |-u7.68 | -30.53 0.00 0.00 0.00
O-“ 0- —Oo O- O. —UJe 0. 0.
0.2 21,74 7.32 0.07 5.51 5.83 0.76
0.4 466 19.66 1.04 4.53 9.79 1.55
0.6 -9.54 23,31 bou2 1.43 9.37 1.94
c.8 ~7.11 -5.59 5456 -6.07 4,10 1.20
1.0 -8.60 | -37.77 | -28.19 .00 0.00 0.00
U-b O. ‘0- 0. 0- "C- 0. 0.
0.2 15.65 3.77 | -0.13 3.81 1.72 0.01
0.k 10.05 12,43 0.21 2.79 4.03 0.46
0.6 -7.74 15.84 2.486 ~G.T4 4. T4 Tl
0.8 ~4.90 | -4.07 4,92 -1.07 2.03 1.56
1.0 -5.44 | -21.84% | -22.68 0.00 0.00 | =-0.00
0.8 | 0. -0. 0. 0. -0. -0. 0.
0.2 6.72 0.79 -0.1C -2.72 ~-7.81 -1.26
0.4 3.99 4.50 -0.24 ~4.22 | =145 | -2.19
0.6 -3.82 6434 0.97 -3.4% | -10.08 | -1.55
0.8 -1.86 | -2.11 2.76 -1.0% | -5.08 0.21
1.0 -2.37 | -5.27 | -11.53 -0.00 | -0.00 -0.00
1.0 | 0. 0. 0. -0. 0. -0. -0.
0.2 0.00 -6.00 -0.00 -32.18 | -24.83 | -2.39
Uuts 0.00 | =-0.00 | =-0.0¢ -26.19 | -48.48 | -5.47
0.6 -0.00 0.00 | =-0.00 -0.07 | -48.33 | -11.86
0.8 .00 0.00 0.00 3.86 | —16.00 | -13.17
1.0 -0.00 -0.00 0.00 -0.00 -0.00 0.00




TABLE XIII. - © AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIORS; B = 1.00

3 3 3 3 3

x/B ©,X10 8,x10 8,x10 9,10 0,10
0. 62.71 7.53 0.22 h2.3 3.2
49,60 15.43 0.45 38.8 3.1

17.34 28.12 2.17 29.4 2.6

-17.7 20.00 5.83 16.9 1.6

~4L4.59 | =27.10 3.20 Sk 0.6

-82.21 | -87.09 | -36.04 0.0 0.0

V.2 59.14 6.09 0.09 39.6 22.9 2.9
46.58 15.93 0.28 36.2 21,7 2.8

15.80 26.73 1.95 21.2 17.9 2.5

-17.23 19.54 5.71 15.5 Tlek 1.7

“41.67 | -25.27 3.u45 u.9 3.9 0.6

-75.42 | -82.11 | -35.34 0.0 0.0 0.0

O.b LB.62 2.41 -0.16 30.0 15.7 1.9
37.81 9.89 -0. 14 27.0 15.5 2.0

11.60 22.55 1.2¢ 19.4 14.0 2.1

-15.59 17.75 5.23 10.4 9.9 1.7

-33.39 | -20.19 4ol 3.2 3.8 0.8

-56.14 | -66.89 | —-32.98 0.0 0.0 0.0

Ueb 31.98 ~1.52 -0.20 7.9 -0.2
24 .39 LT -0.53 6.1 0.1

6,12 15.71 0.18 2.3 0.8

~-12.03 13.53 4. 04 -0.6 1.5

-21.32 | -13.14 467 -0.8 1.2

-28.94 | -41.50 | -27.68 0.0 0.0

Ued 12.17 -2.55 0.12 -39.6 -3.1
9.08 0.85 -0.43 -36.8 -3.3

1.63 6.84 -0.61 -29.1 ~-2.9

-5.66 6.15 1.84 -18.3 -0.8

-8.13 ~5.72 3.48 -6.8 1.0

-5.43 | -11.97 | -15.65 -0.0 ~-0.0

1.0 0.00 -0.00 0.00 -142.7 -7.6
0.00 -0.00 -0.00 1244 -6l

-0.00 0.00 -0.00 -79.0 -7.4

~0.00 0.00 0.00 ~30.5 -14.3

0.00 -0.00 0.060 -3.0 -14.0

-6.00 0.00 -0.00 -0.0 0.0
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TABLE XIV. - AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 1.00

x/p 8,x10° | 8,x10° | @5x10% 0x10° | 0,x10° | 0zx10%
0. 0- 0. 0. O. 0. 0.
29.83 | 17.63 1.37 1.89 4.37 0.67
22.27 | 35.86 3.42 2.u7 6.52 1.01
-9.28 | 35.ub 6.66 1.68 5.37 0.85
-10.35 | -10.97 4.99 0.56 2.03 0.32
-16.29 | -63.75 | -33.10 0.00 0.00 0.00
0.2 O. O. 0. o. o. 0.
29.09 16,47 1.21 2.21 4.70 0.71
21.51 | 34.10 3.15 2.77 7.13 1.12
-9.42 | 34.20 6.kl 1.75 6.0k 1.00
-10.05 | -10.34 5409 0.54 2.37 0.41
-15.39 | -61.12 | =32.70 €.00 0.00 0.00
Ol c. 0. 0. 0. 0. 0.
26.46 | 12.98 0.75 3.11 5.13 0.74
18.98 | 28.60 2. 32 3.47 8.20 1.32
-9.62 | 30.05 5.69 1.64 7.45 1.38
-9.02 | -8.55 5.32 C.32 3.16 0.69
-12.61 | =52.17 | =31.17 0.00 0.00 0.00
0-6 ~0. 0- 0. —0. 0. 0.
20.66 7.55 0.19 3.96 3.55 0.37
14.02 19.25 1.02 5048 6454 1.00
-8.93 | 21.99 4410 0.32 6.81 1.63
-6.83 | -6.00 5.32 -0.57 3.11 1.25
=8.14 | -34.49 | -27.02 0.00 0.00 0.00
0.8 -0. 0. 0. -C. -0. 0.
10.07 1.98 | -0.08 0.35 | -4.79 | -0.9u
6.25 7.55 | -0.1) -1.39 | -6.07 | -1.31
~5.32 9.76 1.61 -3.04 | -u.51 | -0.23
-3.01 | -3.14 3.66 -1.50 | -2.38 1.09
-3.43 | -10.32 | -15.98 -0.00 | -0.00 | -0.00
1.0 -G, 0. -0. 0. -0. -0.
0.00 | =-0.00 | =-0.00 -32.73 | -26.26 | -2.60
0.0C | -0.00 | =-0.00 ~26.90 | -50.40 | =-5.74
-0.00 0.00 0.0C -0.48 | -u9.54 |-12.03
-0.00 | -0.00 | =0.00 3.82 | -16.15 | -13.19
0.00 0.00 0.00 -0.00 | -0.00 0.00
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- ® AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS

TABLE XV.
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TABLE XVI. - ® AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; f = 1.25

x/g | ¥ 8,x10° ,%x10° ©X10° 0,x10° 9,x10° 05x10°
0. |0 0. 0. 0. 0. 0. 0.
0.2 31.36 20.94 1.85 0.62 2.07 0.31
0.k 24,01 40.34 4.09 1.11 3.00 0.45
0.6 -8.73 37.84 7.03 0.79 2.36 0.36
0.8 “11.12 | -12.95 4.68 0.27 0.84 0.13
1.0 —18.05 | —68.52 | -33.77 .00 0.00 0.00
0.2 | 0. 0. 0. 0. . 0. 0.
0.2 30.88 19.97 1.71 1,11 2.61 0.40
0.4 23.47 38.98 3.88 1.46 3.87 0.60
0.6 -8.90 37.04 6490 1.00 3,14 0.49
0.8 -10.90 -12.39 477 0.33 1.17 0.18
1.0 ~17.45 | ~66.89 | -33.54 0.00 0.00 0.00
C.b | 0. 0. 0. 0. 0. 0. 0.
0.2 29.02 16.74 1.25 2.0 3.97 0.60
0.4 21.50 34,26 3.7 2,46 6.15 0.98
0.6 -9.35 33.97 6436 1.43 5.36 0.92
0.8 -10.09 | -10.58 5.05 C.u0 2.17 0.40
1.0 -15.23 | -60.50 | -32.58 0.00 0.00 0.00
O-b 0. 0. 0. 0- -0- O. 0.
0.2 24.19 10.76 0.5} 3451 by 0.58
0.4 16.99 2u.76 1.76 5.50 7.52 1.21
0.6 -9.45 26.69 5.03 1.07 7.31 1.52
0.8 -8.18 -7.54 5.37 -0.07 3.28 0.91
1.0 ~10.61 | -uu.73 | -29.63 0.00 0.00 0.C0
0.8 | 0. -0. 0. 0. -G. -0. 0.
0.2 13.20 3,27 -0.05 2.28 -1.84 ~0.54
0l 8.42 10.55 0.10 5.73 -1.33 ~0.uT
0.6 ~6.61 13.10 2.27 -2.16 0.0 0.67
0.8 ~4. 11 -3.97 k.35 -1.48 -0.12 1.43
1.0 ~4.53 | -16.23 | -19.73 .00 -0.06 -0.00
1.0 | 0. -0. 0. 0. 0. -0. -0.
0.2 -0.00 -0.00 -0.00 -32.78 | -26.40 —2.62
0.k -0.00 -0.00 -0.00 —26.96 | -50.57 ~5.77
0.6 -G.00 -0.00 0.00 —0.51 | -49.61 | =12.Gk
0.8 -0.00 0.00 0.0C 5.82 | —16.14 | -13.18
1.0 6.00 -0.00 -0.00 -0.00 -0.00 0.00




38

TABLE XVII. - @ AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B = 1.50

x/B | v 81x10° 8,x10° 83x10° 01x10% ®5Xx10° 93X10°
0. O. 102.0 29.9 3.0 2.2 .5 1.8
0.2 82.9 4.9 2.9 22.2 13.4 1.7
0.4 35.8 38.8 3.6 167 10. ] 1.3
0.6 -25.5 16.5 5.4 9.4 5.8 0.7
0.8 -79.1 -438.1 0.5 2.9 1.8 0.2
1.0 -139.8 -122.4 -40.95 0.0 0.0 0.0
Va2 | 0e 97.3 2742 2.7 25.3 15.1 1.9
0.2 8.9 32.5 2.6 23.2 14,0 1.8
Ol 3.7 37.4 3.4 17.5 10.8 Tak
0.6 —24.7 16.3 5.5 2.9 6.3 0.8
0-8 —7“~9 "'uS.S 0.6 3.0 2.0 003
1.0 -132.1 =177 -39.9 0.0 0.0 0.0
Uelt | Cow 82.9 19.4 1.7 26.0 15.1 1.9
G.2 66.5 25.5 1.7 23.8 14.2 1.9
Oole 2543 33.0 2.8 17.8 1.6 1.6
0.6 -22.5 17.3 5.5 10.1 T.3 1.0
0.8 -6l -37.7 1.9 3.2 2.5 O.4
1.0 -1038.0 -102.4 -37.9 6.0 0.0 0.0
Ceb6 | Go 58.3 8.1 0.5 17.6 B.2 0.9
0.2 45.8 The6 O.l 15.6 8.5 1.1
Oult 15.0 24,6 1.5 10.6 8.6 okt
0.6 -18.4 16.1 5.0 5.3 6.7 1.3
0.8 -41.7 -25.2 3.5 1.6 2.8 0.7
.0 -66.0 —72.7 —3507 0-0 0.0 0.0
0.8 O. 2"‘09 ']00 0.‘ -2‘07 —]7-1‘ -20“
02 18.9 5.8 -0.4 -21.0 -tha7 -2.2
Oolt Lel 1109 -003 -18.5 -8-8 ‘102
U.6 -10.3 9.5 3.0 -13.0 -3.7 0.6
0.8 -17.1 -10.9 4.3 -5.2 -1.1 1.3
1.0 -16.7 -26.9 =22.9 -0.0 -0.0 -0.0
|.0 [V 000 0-0 0.0 “156.“ ’62.5 -806
0.2 0.0 0.0 0.0 _‘36;.6 -69.5 -7.3
O -0.0 0.0 -0.0 -87.1 -75.1 -8.0
0.6 -0.0 -0.0 -0.0 -33.4 -53.7 -14.5
0.8 0.0 -0.0 0.0 -2.8 -1h4.} -13.9
]-0 ’0.0 -0.0 _000 -000 -0.0 -0.0

BeeT~E
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TABLE XVIII. - © AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 1.30

x/B 81x10° 8,X10° ©zx10° o 1x10° 0,x10° | ©3x10%
0. 0. 0. 0. c. 0. 0.
31.93 22.31 2.05 U.32 0.8% 0.13
2u.67 42,10 .35 0ol 1.21 0.18
-8.52 38.6u 7.4 0.32 0.91 0.13
-11.44 | -13.81 4455 ¢.10 0.31 0.0k
-18.61 | ~70.03 |-33.96 0.00 0.00 0.00
G.2 |0 0. 0. 0. U. 0. 0.
0 31.66 21.67 1.96 0.53 1.34 0.20
0 24,34 41.25 be22 0.72 1.94 0.29
0 -8.63 38.21 7.08 0.51 1.53 0.23
0 -11.29 | -13.42 4.61 017 0.54 0.08
1 -18.30 | -69.18 [-33.86 0.00 0.00 0.00
0.4 |0 0. C. 0. 0. 0. 0.
0 30.44 19.20 1.60 1.30 2.84 0.43
o 22.99 37.81 3.70 1.65 4430 0.67
0 -9.0u 36.23 6.17 1.08 3.61 0.59
0 -16.71 | =-11.96 4.8U 0,34 1.40 0.23
| -16.84 | -65.19 |-33.29 300 0.00 0.00
0.6 c. 0. 0. 0. 0. 0.
26.67 13.53 0.83 2.88 4.52 0.65
19.22 29.26 2.41 3,15 7.32 1.19
-9.56 30.28 5.72 1ok ) 6.78 1.28
-9.15 -8.90 5.27 Va2l 2.93 0.65
-12.76 | -52.55 |-31.22 .00 0.00 0.00
0.8 -0. 0. 0. -0. 0. 0.
16.04 4,69 0.01 3.31 0.46 -0.18
16.48 13.59 0.37 2.10 2.17 0.18
-7.63 16.30 2.93 -1.25 3.23 1.21
-5.14 -u.71 k.83 -1.25 1.46 1.47
-5.69 | ~22.49 |-22.76 0.00 0.00 -0.60
1.0 -0. 0. -0. . -0. -0.
-0.00 -0.00 0.0C -32.78 [-26.40 -2.62
0.0C 0.00 0.00 -26.95 [-50.56 -5.76
0.00 0.00 -0.00 -0.50 |-49.60 |-12.04
-0.00 -0.00 -0.00 3.82  |-16.14 [ -13.18
0.00 0.00 0.00 -0.00 -0.00 0.00
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1.75

TABIE XIX. - @ AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B

E-1338
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PABIE XX. - ® AND © FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 1.75

x/B | ¥ 8;x10° | 8,x10% | @50 0x10% | 9,x10°
0. |o. c. 0. 0. 0. 0.
0.2 32013 | 22.82 2,12 0.12 0.31
0.l 26,89 | 42.71 bob3 G.16 0.43
0.6 -8.46 | 38.86 7.17 0.11 0.31
0.8 -11.56 | ~14olu 45 0.03 0.10
1.0 -18.76 | -70.41 | -34.03 0.00 0.00
6.2 |0 0. 0. 0. 0. 0.
0 31.99 | 22.u6 2.07 0.25 0.65
0 28,72 | 42.26 4.37 034 0.92
0 -8.51 | 38.66 7.4 .24 0.70
0 -11.48 | -13.91 4.5k 0.08 0.24
1 -18.62 | -70.05 | -33.98 0.00 0.00
U.u 0. 0. 0. G. 0.
31.24 | 20477 1.82 0.81 1.91
23.86 | 40.01 4.03 1.07 2.83
-8.79 | 37.51 6.97 074 2.30
~11.09 | -12.89 4.70 0.2u 0.86
~17.78 | -67.78 | -33.66 0.00 0.00
0.6 0. 0. 0. 0. 0.
28.40 | 15.85 1.13 2.26 boll
20.88 | 32.87 2.95 2.64 6.47
—9. Uk | 32.94 6.20 1.3 5.76
-9.84 | -10.11 5.12 0.37 2,46
-14.51 | -5€.28 | -32.22 0.00 0.00
0.8 -0. c. 0. -0. 0.
18.55 6.20 0.10 3.76 2.12
12.38 | 16.59 0.70 2.91 4.57
-8.39 | 19.30 3,54 ~0.45 5.29
~6.06 | =5.43 5.13 ~0.93 2.46
-6.91 | -28.69 | -25.15 0.00 0.00
1.0 g. -0. -0. 0. -0.
0.00 | -0.00 | =-0.00 ~32.78 | -26.40
-0.00 | -0.00 0.00 -26.95 | -50.55
-0.00 | =0.00 0.00 ~0.50 | -49.60
0.00 0.00 | -0.00 3.82 | -16.13
-0.0C | -0.00 0.00 -0.00 | -0.00
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2.00

- @ AND ® TFUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B

TABLE XXI.

E-1338
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TABLE XXII. - @ AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 2.00
x/B | ¥ 81x10° €,%10° 8:x10° $1X105 05x10% | 92x10°
0. |o. c. 0. 0. 0. 0. 0.
0.2 32.19 22.98 2.4 U.0b 0.10 0.01
Ul 24.96 42.89 446 0.05 0.13 0.02
0.6 -8.45 38.89 7.18 0.03 0.09 0.01
0.8 -11.6C | —14.25 449 0.0} 0.02 0.00
1.0 -18.78 -70.46 -34.03 0.00 0.00 0.00
0.2 | G. 0. 0. 0. 0. 0. 0.
0.2 32.12 22.80 2.12 0.11 0.29 0.04
0.4 24.88 42.68 bou3 0.15 0.4 0.06
0.6 -8.u47 38.82 7.17 G 11 0.30 0.0%4
0.8 -11.56 -14.13 4.51 0.03 0.10 0.01
1.0 -18.73 | -70.34 | =34.02 .00 0.00 0.00
0.4 | 0. 0. 0. 0. 0. 0. 0.
0.2 31.68 21.75 1.97 0.49 1.21 0.18
0.l 24.37 ¥1.33 4.23 0.66 1.77 0.27
0.6 -8.063 38.21 7.08 047 1.40 0.21
0.8 -11.31 | ~13.u48 4.61 0.16 0.50 0.08
1.0 -18.29 | -69.16 | —-33.86 0.00 0.00 0.00
C.6 | 0. 0. 0. 0. 0. 0. 0.
0.2 29.61 17.73 1.39 1.72 3.49 0.53
Ook 22.10 35.68 3.38 2.12 5.37 0.85
0.6 ‘9-25 3“.86 654 ].28 u.63 0078
0.8 -1C.34 | -11.1y ¥.97 0.38 1.86 0.33
1.0 -15.85 -62.34 -32.86 0.00 0.00 0.00
C.8 | 0. -0. 0. 0. -0. 0. 0.
0.2 20.7y 7.79 0.22 3.85 3.20 0.33
0.4 14.11 19.48 1.05 3.34 6.13 0.94
0.6 -8.92 22.04 4.10 0.21 6.51 1.59
0.8 -6.88 -6.14 5.30 -0.60 3.01 1.23
1.0 -8.16 -34.55 -27.03- 0.00 0.00 0.00
1.0 | 0. 0. 0. 0. 0. -0. -0.
0.2 0.00 -0.00 -0.00 -32.78 | =26.40 -2.62
0ok -0.00 ~0.00 -0.00 -26.95 | =50.55 -5.76
0.6 -0.00 0.00 0.00 -0.50 | -49.60 | -12.03
0.8 0.00 0.00 0.00 3.82 | -16.13 | -13.18
1.0 -0.00 -0.00 -0.00 -0.00 -0.00 0.00
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2.50

- & AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; B

TABLE XXTIII.

E-1338
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TABLE XXIV. - AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 2.50

x/B 8,x10° ezx103 8X10° X107 0,x10° X105
Oe O. O. 0. -0 -0 ~0a
32.21 23.02 2.1% 0.00 0.00 0.00
24.97 42.93 446 0.00 0.00 ~0.00
-8.45 38.88 7.17 ~0.00 -0.00 -0.00
-11.61 | -14.28 L.u9 -0.00 -0.00 -0.00
-18.76 | -T0.4) | -34.02 0.00 0.00 0.060
0.2 C. 0. 0. 0. 0. 0.
32.20 23.00 2.15 0.02 0.05 0.01
24.96 42.90 446 0.02 0.06 0.01
-8.45 38.88 7.17 0.02 0.0 0.01
“11.60 | -14.26 4L.49 0.00 0.01 0.C0
~18.76 | =70.43 | -34.02 0.00 0.00 0.00
Q.u O. 0‘ 0. O. 0' O. 0.
0.2 32.07 22.67 2.10 0.16 0.43 0.06
Gl 24.82 42.51 TN 0.22 0.60 0.09
U6 -8.49 38.75 7.16 C.16 0.46 0.07
0.8 -11.52 | -14.05 4.52 0.05 0.15 0.02
1.0 -18.68 | -70.21 | -34.00 0.00 0.00 0.00
0.6 |C. 0. 0. 0. . 0. 0.
0.2 31.02 20.32 1.76 0.95 2.19 0.33
0.l 23.62 39.39 3.94 1e2u 3.26 0.51
0.6 -8.87 37.15 6.91 0.84 2.68 0.43
0.8 -10.98 | -12.62 b.T4 0.28 1.02 0.16
1.0 -17.52 | -67.07 | -33.56 C.CO 0.00 0.00
0.8 0. c. 0. -C. 0. R
24.20 10.79 0.51 3.49 u.39 0.58
17.00 24,78 1.77 3.48 7.u5 1.20
-9.406 26.68 5.03 1.06 7.27 1.51
-3.19 ~7.55 S.37 -0.07 3.26 0.91
~10.60 | -44.70 | -29.62 $.00 0.00 0.00
1.0 . 0. 0. 0. ~0. -0.
U.00 0.00 0.00 -32.78 | =26.4%0 ~2.62
0400 -0.00 0.00 26495 | =50.55 -5.76
-0.0C -0.00 -0.060 -0.50 | -L7.60 |-12.03
C.CC C.00 0.00 3.82 | -16.13 | -13.18
-0.00 -0.00 -0.00 -0.00 -0.00 €.00
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3.00

B:

- ® AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS;

TABLE XXV.

E-1338
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TABIE XXVI. - © AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = 3.00

x/p | v 81x10° 6,X10° 83x10° 91x10° 9,x10° | 0zx10°
0. 0. 0. OQ 0! ’Oo -00 -0.
0.2 32.21 23.02 2.15 -0.00 -0.00 -0.00
0.t 24.97 42.92 .46 -0.00 -0.00 -0.00
0.6 -8.46 38.87 7.17 -0.00 -0.00 -0.00
0.8 -11.61 | -14.28 .49 ~0.00 -0.00 -0.00
1.0 -18.75 | -70.39 | -34.02 -0.00 -0.00 -0.00
0.2 | 0 0a 0. 0. -0. -0. -0.
0 32.21 23.02 2.15 0.00 0.00 0.00
0 24.97 42.92 boub .00 0.00 0.00
0 ~3.45 38.87 7.37 0.00 0.00 0.00
0 -11.61 -14,238 4.49 -0.00 -0.00 -0.00
1 -18.76 | -70.41 | -34.02 0.00 0.00 0.00
V.4 | O. 0. 0. 0. 0. 0. 0.
0.2 32.18 22.94 2.4 0.05 0.12 0.02
0.4 24.94 42.84 4,45 0.06 0.17 0.02
0.6 -8.45 38.87 7.17 0.04 0.12 0.02
0.8 -11.59 | -14.22 4.50 0.01 0.04 0.01
1.0 -18.76 | -70.4) | -34.02 0.00 0.00 0.00
0a6 | Os 0. 0. 0. 0. 0. 0.
0.2 31,68 21.75 1.97 0.49 1.21 0.18
0ol 24,37 ul.32 4.23 0.66 1.77 0.27
0.6 -8.63 38421 7.08 0.u7 1.40 0.21
0.8 -11.31 | -13.48 .61 0.16 0.51 0.08
1.0 -18.29 | -69.16 | -33.806 0.00 0.00 0.00
0.8 | 0 0. 0. 0. 0. 0. 0.
0 26.67 13.52 0.83 2.88 4.51 0.65
(4] 19.22 29.25 2.41 3.15 Te32 1.19
0 -9.56 30427 5.72 1.40 6.77 1.28
0 -9.15 -8.90 5.27 0.2u 2.93 0.65
] -12.75 | -52.53 | -31.21 0.00 0.00 0.00
1.0 | 0. 0- -0. -0. 0. -0. -0.
0.2 0.00 -0.00 -0.00 -32.78 |-26.40 -2.62
0.l -0.00 -0.00 -0.00 -26.95 |-50.55 -5.76
0.6 -0.00 0.00 0.00 -0.50 [-49.60 |[-12.03
0.8 0.00 -0.00 0.G0 3.82 -16.13 -13.18
1.0 -0.00 0.00 -0.00 -0.00 -0.00 0.00
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TABLE XXIX.

- COEFFICIENTS OF STRESS

FUNCTIONS IN y FOR EVEN

TEMPERATURE DISTRIBUTIONS

k| Tk S 3k ik
111 1.240 -18.45 -18.45
2 -9.224 87.48 262.4
3 21.87 -126.2 ~530.8
4 | =21.63 57.13 398, 9
o 7.141 | —=-=== | —emmme—
211 -0.3472 27.39 27 .32
2 13. 64 -177.4 -532.¢
3 -44.35 294.0 1470
4 .00 -144,0 -1008
S1-18.00 | mm—m=m= | mmmmmm——
31 0.2510 -21.09 ~-21.09
2 1-10.54 225.U G77.8
3 OFL 48 -404.0 ~2470
4 | ~52.34 289.2 2024
5 30,15 ] mmmmmme ] e

TABLE XXX. - COUFFICIENTS OF

STRESS FUNCTIONS

IN y TFOR ODD TEMPERATURE DISTRIBUITIONS

1 1 7.439 7.439 -33Z2.1

2 -55.34 -166.0 2624

3 131.2 656.1 52499

4 | -126.2 -883.1 3085

5! A2.85 38L.8 ] —mmmee-
2 1 ~-0.6944 -0.6944 164.3

2 27.39 82,17 ~1774

3 -88.69 -443.5 1116

4 88.00 £86.0 -2092

S -36.00 -324.0 | —=-=-==
3 1 0.3012 0.31z -75.91

z -12.65 -37.96 356

3 67.78 338.9 -4150

4 -98.81 -691.6 3123

o 43,38 380.4 | —emmme——

82eT-d
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TAKLE XXA{I.

-~ VARTANLE

JOEFFICIENTS OF

[Tk IP‘*FA’I’URE DIDTHIBUTIONJ

1

-1.190x107%
£.414x107"

¢.207x107/
-5.248x1070

-2.920A10 7

—4,758%1077

4 rﬂOxlO'f
1 230x1076

1 300) lO—

3TRES3

z,056x107% -1,

2.140x10°7

-1.g7ix10-8

FURCTIONSG X
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£.130%10
~1.23%x107°
4.5

1. O’)O 107

~2.50%.107

. 041x 1107
-2 301076
'40xlO”

1.342%1077
~1.143x1078
b 570x1077

-3. 410y10—8

1.428x10"
-4 ,672x107
3.078 xlO'
1.423x107°
~8.157x10"?
575/10‘10 2., 080x1072
L. 506x10720 | 1.377x107
201x10'10 1. ~z,o)1u“4
3.001><10'1l 2.339x10°% | 1.450x107f | 2.127x10731
—6.371x10~111 1.466%x10°3 | -5.556x107 1.uq6x10'1
-1. 777x10—1 1.956x10” 4| _p.17ex10-7 | -m.0n4xio"11
-6.598x10"13 | 1.020x107 5| 4 semxa077 | 5.413x10-12
_1.558%10-11 ] 1.183x1073 | ~2.270x107 | 2.783x10”
5.882x107121 1. 536x10” 4—7.O2€x10"5 —£.476x10712
5x10-13 -3 107 -13
-4.435x10 1.372x10 1.266x10 3.097x10
-1.234x107%2 §.307x10"% | —7.430x1078 |-3.730x10713
a53%x10-13 | 1,080x107% | -1,892x10" 7.434x10”
—2.538x1073° | 5.254x10” -4 5 11em1079 | -a. eaox10-15
1.094x10734| 3.120x107% | -5.477x107 -1 100x10714
J1.630x10-15 | 3.878%1075 | -1.164x107° .719x10710

EVEN
_ o L
& . Aig
RA'“ -1
0.10 | 1 | 2.316x10-2
2 | 1.447x107
z | 1lopax107®
0.20 | 1 2. 31%10-2
2 | 1.443¢1072
3 | 1.wlaxice 3
c.3¢ | 1 ¢ 2,
2 | 1.
7| 1.
0.40 | 1
2
0.5¢0 1 1
2
3
0.75 1| 1
2
3
1.00 | 1
2
3
1.25 |1 .042x16-3
2 4 1F2x10"3
3 lSFxlO’ C1.044x 1(-U
1.50 | 1 | 3. rv0v10‘3 1.244x107
2 | 2.150x1073 | -1.130x10~%
3 | 2.608x107% | -2.087x107
1.75 | 1 .VC3A10 =
2 .784x107%
3 1 1C~A10-
2.00 | 1 6.492x10-4
2 | 3.606x10"%
3 | 4.042x107°
2,50 | 1 |-6. 37&»10-5 4.541 10
2 |-4.818x1072 ' ,1'710
3 |-7.800x107° 10-10
3.00 | 1 |-1.166x107% | -5, 242510710
2 |-7.229x107° sex10-10
3z |-g.519x10-€ | &, 1u4x1r-11
.

4,6686x10717
9,551x10"17
-7.388x10737

1.432x1074
8.314x1073
9.594x10°%

1.996x10-10
-2,550x10-10
-3.611x10-31

-1,050x10-17
1.198x10-16

~2.473%x10"17
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TABLE XXXIT. - VARIABLE COEFFICIENTS OF STRESS FUNCTIONS IN x FOR ODD
TEMPERATURE DISTRIBUTIONS
32 J Ajk Bjk
w =1 k=2 Kk =3 K= 1 K o= 2 ¥ =3
0.10 | 11 7.010x107% | -3.653x1073 9.602x10"% | -9.514x10°% 1.864x10-% | -4.978x10"4
2| 1.877x1073 | -2.314x1072 | -3.913x107% | -2.641x1075 | -1.683x107% | 3.624x107%
2 | 3.386x10~% | I.127x107% | -6.988x107° | -3.033x10°% 7.787x10™°> | -1.274x107%
0.20 | 1] 6.974x10-% | -4.655x1073 7.613x10"% | -8.602x107% 1.149x107% | -3.265x107%
2| 1.878x10"3 | 4.954x1078 | -3.012x107% | -2.374x1073 | -1.101x107% | 2.356x107%
3 | 3.262x10°% | 5.814x107° | -6.546x10"° | -2.866x107¢ 5.084x10~° | -6.285x107°
0.30 | 1| 6.704x10"% | -3.690x107° 5.082<107% | -7.104x107¢ 5.191x107° | —1.702x107%
2| 1.816x1072 | 1.406x10" ~1.888x10"% | -1.958x107° | -5.846x107° 1.241x107%
3 | 3.028x10~% | 2.124x107° | -4.850x107° | -2.502x10" 2.414x107° | —2.157x1075
0.40 | 1| 8.075x107% | -2,134x1078 3.013x10™% | -5.280x107% | 1.855x107% | -7.716x107°
2| 1.653x1073 | 1.124x10°5 | -1.015x107% |-1.459x1073 | -2.492x1072 | 5,761x107°
3| 2.672x10" 6.558x10"6 | -2.838x107° | -1.303x10” 1.055x107° | -7.070x1078
10.50 ¢+ 1] 5.135x107% | -1.043x1072 1.683x10°% | -3.517x107% | 5.387x107% 1§ -3.272x1072
l 2 | 1.402x1073 | 6.766x107% | -5.062x107° | -9.751x107% | -8.569x10" 2,495x1077
| 3| 2.215x107% | 1.694x10°8 | —1.499x107° |-1.261x107% 4.507x10"¢% | -2.562x107°
§ 0.75 | 1| 2.83ex107% | -1.207x1076 3.618x1070 | -7.454x1073 —1.266x10“; -3,561x107°
o | 7.213x10-% | 1.173x10°6 | —8.962x1078% |-2.097x107% | -5.977x10” 2.754x10“§
3 | 1.097x107% | -8.645x1078 | -2.904x10" -2.254x107° 4.654x10"7 | -2.877x10"
1.00 | 1| 1.091x107% | —o.77ex107® 7.559x1078 7.314x10°% | -7.889x1078 | -3.821x10"7
2| 2.998x107% | 1.3621077 | -1.781x107% | 1.806x1072 | 9.724x107Y | 2.948x1077
3 | 4.429x10°0 | —3.241x107% | -5.918x1077 6.211x1075 3.551x10"% | —2.766x10”
1.25 | 1] 3.944x1072 | -4.347x1077 1.573x1078 1.728x1070 | -1.193%x107% | -4.095x10°¢
2 | 1.087x10"% | 1.123x1077 | -3.681x107/ 4,674x107° 8.119x10™Y 3.155x107°
3| 1.558x10°7 | -4.726x107Y | -1.228%x1077 8.216x10~ 1.334x10°% | -2.988x1077
1.50 | 1] 1.p20x10°% | 2.636x10720 | 3.271x1077 1.166x107° —1.270x10“g —4.388x10”g
2] 3.398x10"% | 5.378x10710 | -7.853%1078 3.181x107° 1.310x10™ 3.380x10°
3 | 4.668x107% | ~4.822x10720 | —2.553x1078 5,122x10” -1.389x10710 | ~3,181x10"
1.75 | 1| 2.991x10°8 | g.152x10731 e.eoleo"g 5.959%x10°8 | -9.598x10711 -4.701x10‘%0
o | 8.326x10~8 | ~2,392%x10"11 | -1.592x10" 1.631x1072 1.427x10™ 3.622x10° 30
3| 1.044x1078 | -3.439x10" 11 | -5.309x10"7 2.519x10~6 | -3.805x10711 | _3.408x10"11
2,00 | 1| 3.110x10°7 | 1.312x10731| 1.414x10°8 2,606x1076 —3.401x10”i§ _5.037x10711
2| 9.027x10°7 | -9.769x10712 | -3,310%x10"2 7.151x10-6 1.110x10™ 3.880x10
3| 4.977x107°8 | -9.350x107%3 | -1.104x10"° 1.072x10-¢ | -5.157x10712| -3,.652x10712
2.50 ¢ 1 | -2.206x10"7 | 9.261x1074 | 6.117x10710 | 3,413x1077 1.070x10-23 | -5.782x107 13
2 | -5.997x10~7 | -1.492x10"13 | -1,431x10" 9,416x1077 | -3.997x10" 4.454x10"12
3 | -1.001x10°7 | 4.393x10-14 | -4.774x10711 | 1.327x1077 | -3.264x10" _4,192x107%
3.00 | 1 |-8.005x10"8 | -5.723x10-16 | 2.645x10711 | 1.886x1078 1.362x10~15 | -6.638x10"15
2 | _1.646x1077 | -3.171x10728 | _6.190x10"12 | 5.292x1078 | -1.581x10712| 5.113x10”
3 | -2.505x10~8 | 5.090x10716 | -2,065x10" 5.916x107° 2.598x10-16 | _4,813x10-16

8CeT-H
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TABLE XXXIII. - COMPARISON OF CALCULATED WITH

EXACT DIMENSTONLESS STRESS ALONG CHORD

FAR FROM END OF SEMI-INFINITE

PIATE FOR PARABOLIC CHORD-

WISE TEMPERATURE

DISTRIBUTION
Yy e D
Exact | Calaculated | Exact | Calculated

0 0.333 0.335 0] 0.0010
.2 L2893 .295 0] . 0010
.4 L173 174 0 .0006
.6 -.027 -.027 0 . 0002
.8 -. 307 -.308 0] . 0000
1.0 -. 567 -.670 0 . 0000
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Filgure 248. - Stress due to odd thermal yradient for span-chord ratic £ = 3.00.
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Figure 27. - Coordinate systems used to calculate stresses
developed in thermally loaded, thin flat plate.
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